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METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polarization 
maintaining optical fiber coupler and its manufacturing v ^ 

method in which the manufacture is simplified and 
excess loss is reduced. 

SOLUTION: In the polarization maintaining optical fiber 
coupler 30, the ratio of the diameter of a core 21 /the 
diameter of a clad 22 or the ratio of the distance 
between stress applying parts 23, 23/the diameter of 
the clad 22 in at least one of the polarization maintaining 
optical fibers 20 constituting a welded and drawn part 24 
is larger than the ratio of the diameter of the core 
21 /the diameter of the clad 22 or the distance between 
the stress applying parts 23, 23 or the ratio of the 
distance between the stress applying parts 23, 23/the 
diameter of the clad 22 on the part which does not 
constitute the welded and drawn part 24 of the 
polarization maintaining optical fibers 20, and the stress 
applying parts 23, 23 are surrounded by the clad 22 in 
the welded and drawn part 24. Therein, the polarization 

maintaining optical fibers in which the distance between the adjacent outer peripheries of the 
two stress applying parts 23, 23 is >20^m are used. 
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m^m 1 ] 

Htf|fiiIt«M#fBt^^v>T> |frlBJS:t7#^fl5){?^frlS^^9^y Kt^'aHi?tLTV>i,ii:=^ 
m'^ti-^mm^^ytyr^^^-^-yyo 

m^M ltfcii2 KW.m'^M'i^U^yty r ^^ijy'y\ts '(i'^e- a n ^/-f-f t ;t Ute 

-t^-^^h^h-^mwh^^mi^^^^y t4 ^^fi-zfy^ 

t 4 (r)\i^'f'Kiii^\z.WM<r>mt^'^^'^yrA^^iJ-f^o 

l(rf£^?^i^#3fe:7 T-f /^^^^'B 0 w-T i eM3t:'7T-r/-?-e^i.^:<!:^#mi:-r^M^ai 
ti.\^^\^^<D\^'f')(L^Hz.%Z^(DW^U.n^y r ^ ^^ii-fy^ 

WMmm\^^'>(^x-f-£:k>mmm^^^if^^-t^Wimw^^yT^^^')j-zr^^^ 

mia2o(7)^£;:tJ#^t^coS^i"^;5'1>jiW<7)SESI:;6^'2 O /imJiiL±-e*:S>Mi^«:^:7fe-7T^'/-^^ 

[ 0 0 0 1] 
[ 0 0 0 2] 

W^U-^^y 7 ^ LT (±®^ cT) ^ cO:;6^'^^$ tlT^»9 > f^i^&tJ^ ^ O <t LTP AND 
AM51&7t-^^'^' (Polarization maintaining AND Abs 
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orption reducing fiber) ^ tiTV^ :g) o 
iai8{i. P AND AM3fe-7r-^/^~<7)-'^J^^1-ifBIM-eal)^o ^<DP A}^D AM^y r 
4^^ 1 0 li. ^'L-^Km^fhfitzar lit. ^(D:::iT 1 1 (DmMi^. i<7)rjT 1 1 t^^t-^ 
Fi'^KUn hfi. /J^o^ic^nT 1 1 X X) %#jSff^<7)^ ^ ^ VI 2 t. :Z(D^ y y 1 2 
\HK. 3T 1 1 ^4''L-^^^t#@eS$tt^ >&^oico^ y y K 1 2 J; i9 %<g:iS$lf^<7)if®P3f^ 
<?5 2o<7)j5;^#^g|5l 3^ 1 3 t^^j^W^^ tLTV>;g>o fTt. i(7)P AND Afi^7r 

0 <7);5'i-#f*ltH 2 5;/m-e$)&o 
iOP ANDAM7fc'7T^'/^~l 0 ttTi3 2 ocojiS^J^-^gP 1 3 

> 1 3<7)&m-ri>^mm<7)mmii2 0 /imi^j.rt^£^x\^^^o 

[0 0 0 3] 

1 Sit. ^yy VI 2 ^b:;^^ LTv^^o ^(??7^:s??s 
t4 ^mU^-mm. 7^?l i LT#^tt7tP ANDAM3fe7T-f/^U 0 26^"f^*P^ tL;g> ii^S-C 
. i<7)P AND Aa5fe'7r^/^'l 0 <7)if® l^*3i/^TJ&lJ#-^a5 1 3 tw^Hf 2>S<^^'^* C 

2 ooS^-r^'fBm^^ (s I 0 w^^^) ^ Y-te^^ (fas tWm t-T^t. X-fe 

[0 0 0 4] 

CO J; ^ ^ P A ND Aa:)lc:-7 r 1 0 ^ b'(DMi^^^yty r 4 /-^^fflv^TfP^^ tL;t^ 
[ 0 0 0 5] 

HI 9{i. il'm'OP AND AM3fe7T^/^'^fflv^T#ML7!::'(S^^'K^3fc'7r-r/^'*•/960 
ic7)«'K^t^7T-r/^'?&7'9 1 5(i> 2*(^P ANDAa5fe-7r-f 0. io=^#^ 

Km CT. -e^T)^® icigtt ^ tLTt Tv-f- ^7 ^ ^ ^ ^^^^mm^D—^^m^ t Ttf^. 

^^(7)s 1 owm'^M^^^^rK^^^X^K^-^^^X^m^^. C:ttf>^P AND AM316 
•7T-r/^U0. 1 OcTjg^rfcT)^^^^ Kl 2> 1 2 ^^M^-t". iJDi!;. •^Sfei-'l) t 

^(D^^-^omKm^-r^^tKX'oxmmmim mm^m 14^ML^ ^<7)m. -ii^ 

-e^;g> (m^it. #fp:fcEi#Mo ) o '^Is. s i owMH^Mitii. #^<7)PANDAM 
3fc-7T-f ^-^1 0 l::^V^T. jtxiJ#-^f|Sl 3. 1 3 <D^'L-'tM^UB'^^^ d o 
[ 0 0 0 6] 

^j:^^i^^<D^^^^m-r^ i><D m^ii. ^^^^^WDM (Wavelength Di 
vision Multiplexin g/^^*^Sfl#S) Ay'ytjit'} . ^ fc. 2oo 

[ 0 0 0 7] 

imm-xm 1 ] 

i|f P§ 2002-32363 7-f-&l& 
[ 0 0 0 8] 

[^i^^^'IS^ L J: ^ t -r ^ PS] 
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Am^yr4^-^^m\^^tzm^UW^yr-^^^'^':^y<^^^£h'f. Bow-Ti emytyr 

t\ m<omu^t/ty T -r ^■^^m^^fzmuuw^y r 4 ^■^'^ yy k^^^^x i>mm^ 

[0 0 0 9 ] 

^uwytyr^^^^yy^^mm&mM^^iA^^mM^mm-t^^t tisa-c^oTto t tz 

[0 0 10] 
[0 0 1 1 ] 

T -t?* oT. m%zmmm^^'^^£-tm^^'mm%y r 
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cDSEsl7()^'2 0;«mi^X±-e^^^i^i^^3fe:7T-r/^?^fflv^^it>6>'$ff Lv^o 
[0013] 

±1 37 T ^ 7" 9 fi > tf - A :2 > /^'^ :^ ^ Tt: H - A ;^ U ^ i 

[0014] 
[0015] 

±fS«^c^^^^#W^ 7 T -r :^ y 9 m^Wl^U.^^ 7 T PANDAS 

[0016] 

±ia«^<7)«'f^^3fe7r^/^'*7°^li:fev>T. Iiffa^^&i^#^7 T-r/N*5&^'B ow-T i 
[0017] 

#:^rR] (7)-fi5T6^'ii[*E# ^xixi£-h -mmm^^i ^ r^Wu-r^m^uw% 7 r ^ ^-^^ * 7° ^ 

it-^mKii^^X^ tfria«##*7 r W'/^CDd ■^il'^'^ < t 'ii l*c7):S^:^[q]cr)-f|5t;^lt 

7 r ^ * 7° 9 <7)M3t ^Mft-r ^ o 
[0018] 
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[0019] 
[0 0 2 0 ] 

HI 1 fi. P AND AS7fe"7 y-f ^-^cT) 2 o<7)JSl7#-^gI5^^^/i$^ (s 1 o wiEll) :^In]<7>® 
*f ^5-^ ?r H * ^ o 

il*PM#$tiTV^>&v^P AND AM7fe'7T'f ^^^-eti^ H 1 tc^i- j: ^ tc, XM^^fz^(0 
[0 0 2 1 ] 

i<7)J: ^ AND AM^fe^r-f 2;$:ffiv^"C. ^^h-^tWi. Sfe^®# LTig'^^^^ 
T-f /^^*7'9^f^ia-r:g.o ®l[*^#?|5(^*5lt^ P AND AM^-7T^^-^liffl#'fk^ 

[0 0 2 2] 

P ANDAM5tiy'T-<^-?<7)jS;tJ#^f5:^^':^<?:)|g-^*i*tf\ S#^*t^^:^'r4^^ 
[ 0 0 2 3 ] 

±^<7>J: ^ < P AND AM3l&'7 T^/-^l::K^T . 

B ow-T i ea^'7T-1'/-?>^t~'0'fifcc7)M'2^'B:#3t:-7r^/-^lC:feV^-C4>|Pl«-ecfe^o 
[ 0 0 2 4] 

m2\±. -^^'^(o'm^u.mty T ^ ^^*y^ ^ (D-n-^Ts^-tm'^mx^^h o 

iOF!l<7)^|^i^^5fe7 T^/-?:^7°9 3 0 2*0DP ANDAM3l67T-f ^-^2 0. 2 0 * 
'il' S l^JS CT. ^(7) ^ffi frc igtt ^ tLT^c -7° 9 ;^ ^ y t'^a^ <7)-§|5 * P^* L 

#.»<7>s 1" 0 w^-JfellflWfft^^^ J: 9 l-fi-^^-^TM^J^-fr. itL^pPANDA 
M3fc^T-r^'?2 0. 2 0c7)p^t+J^i5'9:y K2 2 . 2 2 ^ -ti:. -^ISl-r ^ i: t 'Jj 

^<T^^%1f5m^'%.\^-f^^'t\^X-^xm%^\^%l {itm^^) 2 4*B5feL> ^^^^ 
. 'il^SlcjBDTil»M#^2 4 'gr^M1"i)i^a^-^ >^ tnciK^tfc^cT^-e^ 

;|>o 5^^^ s 1 o^Wk^h\t. #/5r<7)P AND AM^-7T^^>'2 OJC^feV^T. JS*#-^ 
§15 2 3 . 2 3 (T^it-^ll^S-il^Eia^V^^ o 

*^B^O'(gi^^#3l&-7T-f /-^^Ji^T'^ 3 OlC^V^Tfi. P ANDAS^'7T'l'/-^^2 0 (7)-f|5 
[ 0 0 2 5] 

^<DM%i\.'^tltz^%'^^-f'h P AND AM3fe7 T-f/-? 2 0 fi. 2 0(7)jE;:tJ#^§!5 2 3 . 

2 3 oft'>l:^*^^/i#±^c^v>-c^ 2 o(7)jj;i7#^$iS2 3 . 2 3 <7)i5i.:^<7)i5"7 K2 2 <^ 

[ 0 0 2 6] 

i<?).W#'fb$tL/ifi5^-eii*M#f5^^ffM-|--g><7)-c\ iii*^#flS2 4 =^^i-p and am 

3fc7T-f^^~20. 20 (Ti^ptii <h^\ (rrr 2 1 cO#) / (i)^ 9 -7 K2 2 

) . t7t{i. (2o<7)jSi/#^^2 3. 2 3 0M<^8§^) / (i^ 9 '7 F 2 2 (7)g) {i, P 
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[0 0 2 7 ] 

P ANDAM3fc7T'</-^^2 0<DM^^\^<^-U^Mm'it-r^-:fomtLXi±. ^yy F2 2 

:t7#^§|5 2 3. 2 3 5^^'»mbTV>>&V>i t:^^'$if* LV^o 
[0 0 2 8] 

jc^y^ViJ^'^^^^itncJ; t9*ffl#'fbU7tP AND AM:5fe•7T-</^'2 0 2 3> 

2 3 5&^^ K2 2<7)^Mt^fffflt-^ i:^ P A N D A Mt^-^ r -f /-^^ 2 0 «7>fe?^i^#tbl7/(>^' 
^L<^g:TL. PANDAM3fe-7r^/^^2 0 <7)*-r^^mi5' h - ^5' <7>'fit:*>'^'fl: LT L 

^fc! P ANDAM^-7T-f^N*2 0<7)^«e9^3^Jg'fc^'fbLTLS ^7t«i>> )S::^7#-^f5 2 
3> 2 3<D^1oKii. ^&mm. ^m<75^-7'y F2 2 5&-'a#LTV^^i<b>e»-*Sft LV>o 
[0 0 2 9] 

— PANDAM*'7r-r^-?2 0<7)jS;tJ#^^2 3> 2 3 c7)^1-:^c75i5' 9 y F 2 2 <7))*^ 
565-h^tcJ?v^<t. a«fi^#fM4{i-l-:59-l-SS'K-e|:^*^ P ANDAM3fe■7T-^'^^'2 0^^ 
mMWVXm.M^W^^J^^-t^ 2*<7?P AND AM316-7 r-</-?2 0O=JT2 2K<7) 
^mi^^i^^ <^£^ . ^(05^. P AYiDAmityr^ ^^2 0<Dmt}U^m>2 3KX<>xyt(0 

[0 0 3 0] 

tfc. P AND Aa3fe:7 T^/-?2 0-e{*^ 2 oc7)^5;;^J#^§|S 2 3 . 2 3 <75 4'^L^=^l$^7'i^l& 
±IC^V^T. 2 -oc7)l£;^#^f|S2 3. 2 3<7)^:^<7)iJ' F2 2<7))?<;?^(i^ 1 0 ;/ mJi^T 

2^<Dmtlif^32 3. 2 3c^)ft3>ll^^|S^/ifll^±^C:feV^T. 2 0(7)1S;?:?#-^§I5 2 3 . 2 3 
<DSMS<D^yy F2 2 c7))?,;5.L:i>si 0//m^®x.^i:. P A N D Aa3fe-7 r 2 0 <Dm^fk 
m^mt-t^^i-^^-^^^^^^^ P ANDAa5fe-7T-^/-?2 0 LTSl*M#§IS2 

[ 0 0 3 1 ] 

^hK. P AND AM^fe -7 T-r^-? 2 0 -efi. 2o(7)t5;t7#-^fl52 3 > 2 3 
m±K&if^ 2'0<Dmtin^U2 3. 2 3 OS«^i-i>i51.MIK<^)SEg|5J>^'2 0 ^ mJ^±-e* 
:ztmi-tL<. 2 2 ^mJ^±>{)^J: *9$f ^ bv^o 
[ 0 0 3 2] 

2 o<^{S:*#^^2 3. 2 3<7)ia®-r^^5'1.jaM<?)M:*^2 0 ^iHTlcii-efi. PANDAS 

2 ■o<DmijH^32 3 . 2 3 <7)'&m-r&^mm<7ymmi)^2 o fi mJ^±-e^ti{i\ la^-fb^ 

tl^t(r<7)P AND Afi^fc -7 T-f ^^^2 0 K^\y^Xii. ±3^<7) 2 o<75)S±;#^§P 2 3 > 2 3 <^ 
^:^<75i5'^'7 F2 2<Dm^ibm\f^<D'C: P ANDAM*'7T-r/-^^2 0 ^.W#<k-f-S <7)^C'il^ 

[ 0 0 3 3] 

mtiii^3mm (2'0(Dmt)U^w><^^j&^-r&nmmco^m.) <Dm^j::h3y^m<^ 

P ANDAS5fc-7r-f 2:$:T offli^LT. 1 5 5 0 n mlF-efUffl-el; ^ 1%PAND 

A^':fy^i'i^m:Lt:m<7)^m^xm^'tm\^Lti^^^m3Km-to ^<Dt^. mtiu-^ 

2 0 //m^®;t-l> T:^ffAffl*t±*^0. 2 d B ^ -C^ipx. ^ i t ^-'-C § o #ll2 

2 ;«mJ^)i±f -ejS:i7#-^§5MRI*ji:if^t. J¥Ail^**&o. i 5 dB 

[ 0 0 3 4] 

-eUT. P ANDAM^7 T-f ^^'2 0 -e{±^ -e<7)^1-#=^ffl#'fhi--i. :g ^ 4 0 mmi^J.T-r 
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:$>^:LtTbmt L< . mmmKitbmm- 3 Omm-^^^o P A N D AM^7 r ^-^^ 2 0 
^m^'it-r^^^i!}^^ Omm^m^^t. P ANDAM3fc-7T'1'/-?2 0 <7)mU^^^m.i}^^ 

[0 0 3 5] 

HfS^JfSr^LTV^i&o i<7)t§. P AND AM5lc:-7T-r/^^<7)^^ 9 0 ;/mf tf^fflS-fkL 
TV^;S>o P AND ASTiLi^ T-r^-^^^lffl#^h1-i>:R?5i)M 0 mm^^x-^ :^-7°9c7)^i^ 
IfeifSi^fi^ mL<iS:rLXV^:h^ti)^j^T^^^o tfz. P A ND AM3lc;7 r ^ ^-^^IrlfflS'fh 

[0 0 3 6] 

tfz. :i<Dm(Dm^l^U^ytyT-<^^-^-^y3 0ii. P ANDAM7fc-7T^/-?2 s 1 o 

'a'M^o%. ^:^c^«<7:)^^ft^ 1 0 o%t-r^t^ «tr^i^ 

IKcolg-^Jg^ 10 0 % t-f-^ XM^~ b 1 s 1 0 wte-^^AItL^ — :^<7>A 
It'-K- h 2 f a s tM'^^AIttTtBf , 1 o<7)mit'i^°- b>^^?> s 1 o w^mt fas 

[ 0 0 3 7] 

? e>l-. -(i m^#3l& 7 T-f 9 3 0 (4. P AND AS31&'7t^/-?2 0 s I o wMilo 

1 0 wfl&^fP]<7)#-i^<7)^S'&ft^ 1 0 0%. W}^ytX-it^^fl^^l^A<^B 1 O wlll:^fRl<7>te 

'^fe J: ^ T^c (4 f a s t tti:&In]<^|g'^Jg^ 0 % 1 1-tLf*\ «i^#M^S«^m* ^9 W 
DMfc LTifj-f^-f Mx.(^, 1 5 5 0 n m<7) fas tM^^^ 1 0 0 %^l5(Dy r ^ 
m^^^. 9 8 0 nm<7)®jfe5fe<7)^^J^=^ 0%l;*fPx.tL{i\ -(g^^i^^W D M 9 ^ 

[ 0 0 3 8] 

i(^'^J<7)M^S##^7r^/-^^>^?-7°9 3 0-e{4> ^■ife'l*^3fe7T'1'/^^t LT. PAN 
D AM3fe'7 7^/-^^2 0 ^ffiv^/cf!l=^^L/iy^^ *^0^(7)>(S^S4^it^:7 r -f "/^ »4i *L 
t:i|?B^?tL:5>^>(7)-e{i5^<> m^Un^yr^^^t LT. B o w-T i eM^y r ^ 
fflV>^^ t ^)-et^o ^LT. Bow-Ti ea3fe-7 r^^^'*fflV^T^). PANDAS31& 

y r^^^^m\^^ fz^^tmm<DmTk^^'r^m'(&^n^y r^^^fs-fy -Srfpmi-^ ^: t 

^<r>n(Dm^'^^ityr ^ z ^x\t. 2^coP and AS^-7 t^/'?2 o 

ffi ;t L co-li'^^^* :7 T ;^ij-f^\t::.^\z.m.'m.^^^-^<DX\t 

^iiXi-ji^ gi*^#$|5«fifc $ tt;^i'(iiS^S:#3t; 7 r -f ^"^^ 7^9 -tr^ o T 

^> J: v^o 
[ 0 0 3 9] 

^^^^r^. %^mo:>'m'^Um^yT4^^-^yy\t. ^&Mm%y r ^ ^^<t^^ y v K(7>- 
Wk^v^y ^^^"^m^"^ <fc «9 IfflS-fb L . :d^o^-ig^>S:#3¥: 7 r /■?<50«S#<b L ;t:^|5^-e 
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[0 0 4 01 

(**^J 1 ) 

^y^m 12 5/1 m<DP AUDAM^y r-^ ^-^^y ym^^i>^y^y^^ii^£t'{^X t9li# 
mmL. ms (a) tc^TJ: -9 '^P AND ASTfc -7 T-r^^' 2 0 S:#;to PANDAM^fe 

0 9 5 /um. 2 ^(Omtlii^3 2 3 . 2 3 c7>^i-#5()^".^ 3 6 m. 

2^<DJ&t)H^32 3 s 2 3(D^'L-'kmA.fm±K^if^mijH-^32 3. 2 3<r)^m-r 

:h^mm(D^m'i}^mi 9 /zm. 2'o<7)jBtin^^2 3 . 2 3c7>4•vL.^^^/i#±^ci3^t^ 

jBtlH^3 2 3 . 2 3 60^:^60 ^ 9 '7 K 2 2 cD)¥^55«^ 2 m-C* o 7t o 
[0 0 4 1] 

i(7)P ANDAa^-7 T-r ^-^'2 0 ^23^fflv>, 'Z^^KmCX.^<7)^WKI^ifhflfzy°^ 
y^^-y iJ'^ t^y5^f>'^^M«<^-§l5'^l5^*tfv:t*. #^5- c7)#'(imW (s 1 o wW. fas 
tm) 5&^'TOt'*;i> J: ^ lc|i-^^-&T3&^J^*. dtt^jOP AND Aa3fe7T-r/^'2 0> 
2 0 O^g-fh^il? tL^c^^c^^J^ 9 '7 K 2 2 . 2 2 ^ -^^ Mt"^ t t 

. I' J:oTS!l*M#fK^fML. ^^ft 1 5 5 0 nmt^islt^ 

[0 0 4 2] 

^:<5D«4^^#3^;7T-^/^'*7'9<7) s 1 0 w*I&:^|B]<^3fe<7)^'^JK*7t:fiil^Jil^t. PAN 

9^-mtLfz:bK nmni tmm<^m^<r>Mmu^y(:yr^^^^':f9-^. ^h^^^-^ 
mmKi5if&m'^'^w^yr^^-^'^y^'^^iim^<^Mm^:^h'fco 

[0 0 4 3] 

(JttS^M 1 ) 

HIS (b) K^-rX^^j:. mmtiim'tm^^j:y^^F AND AM^y T -4 I OimMLfc 

0 P AND AM3fe -7 T-f^-? 1 0 ^€>6^'l^ 1 2 5 m. 2 •o<omt)H-^^l 3 . 1 3 <D 
Sr\J^i!}m 3 6 /Lcm. 2 o<7»SiJ#-§-^ 13.13 <7)^^''l:-^^g^/i#±^::^^t^lJ:^*#^fl5 

13. 1 3(O^^m-t^^mm<DW.m:^^¥0l 9 2^<7ymtlii^3l 3. 13<D^'L^^ 

^^/i|ll^±^c^^t^IS;tJ#^$K i 3 . i 3 (Dn:^<D:^^ 9 -7 K i 2 (oW-^i^m n fx m-^^ 

[0 0 4 4] 

-r(7)P ANDAM:7fe7T-r/-^^l 0^23!s:ffiv>. 'ii^^t^iJS DT. ^^Ogmt^lStt ^*tfc7°9 
iJ^'ii:~~y5^^'^:g>^MM<0— §|5^l^*L7tm. ^-^ct^^^^^U (s 1 o wW. fas 
tlA) ;&^'¥^f i-^-S i 9 t^S'^^-^'^i^^'J^^^- <ltLp3(7)P AND Aa3lG7T^/^M 0> 

1 o<^^aJg<7)-fP:65^*^*t7t:§is^(^^^'y Ki 2. 1 2^®M^^^. in^. -^gas-r^ 

i: t fjl'. 'e<7>ft^:^rn]t^^#1-2>ifcl^ioTi!ll*®#f|5^?^^L. '^:R 1 5 5 0 nm 
^ it ^ ib :6>' 5 0 % <7) yy^^^iJ-f^^'^f^^ 
[ 0 0 4 5] 

^K^M^^^j^^^^T-f /N*5??y9<^ s 1 Q^ms'^<Dit<r>m^'^-ttz\t'mm^h. pan 

I17<7)IS*^^^. 2ocDjiE;ij#^fn 3. 1 3 c7)4'.|:^^|g^/if4±^^i3^t^)SlJ#-^?M 
3. 1 3 0:51>:)^<7);i^ 9 K 1 2 OJ¥.^>6Wv^ t. P AND AS^lc; 7 r-f/^U 0 cr)3^#tc# 

P AND Aa^7r-f /^'l 0=S:^fflL7t:^'^-eji. ii^JJI^<^iiHDMftiJ-r^ i t ^^^-ei: 
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'^^^(D^^mt^^ms (a) K^-To ms (b) t*. ^(Dm-ci'^mL/cM^m^n^y r 

[0 0 4 6] 

(^mm 2 ) 

125/im<7) PANDA Mity T ^ ^-^^y X. ^ lffl# 

'fkML. 09 (a) ^ J&P AND ASTfe -7 T-r^^* 2 0 ^#^Co PANDAMpfe 

■7 T -r 2 0 (i. 1 0 5 // m > 2 •0(7)J^:^l]#^fl5 2 3 . 2 3 <7)^5'1.#/^^'|^j 3 6 m 

. 2 0(7)jS;tj#^§|52 3 . 2 3 C»'^^'l:^^l^^/i|lli±^^*3^tSJ^:^lJ#^f|S 2 3 . 2 3 ^fi^ 
-t^^mm^DWMiJ^m^ 0 l^m. 2-^(D]Bt)^^W>2 2 3<7)4''l:^^l$^/i|fi±^^^3^t 
^JSlJ#-^f|S2 3. 2 3 c7)^i.:^(^^ 9 '7 F2 2 C0J?<^5()^I^ 2 ^m-e^o/co 
[0 0 4 7] 

C1<7)P ANDAa3fc-7 T^^-^'2 0 ^ 2MV>, 'il^^^'JS CT. ^co^Mf-^lt ^ •7°'^ 

^i£t~'^-^h^£^^'mm<^—%i'^w.n.fz^ik. ^^<D^^m.n (s i ow#> fas 

tm) i)^^^{r\^^J:^ itte^c^P ANDAa5E:'7T^/^^2 0> 

2 0 (ommt'^M^ ^tzw>5^<D ^9yh'2 2. 2 2 ^mm ? -^si-r ^ tt^K 

[0 0 4 8] 

>!:<^^«'^*^f5fe■7T'1'/^**7'7 0 s 1 owm:^\^<D^(oB^mt tzii^mm^t. pan 

D AS51&:7 r^^'?2 0 <DMWMt(Dm^^m 1 0 ic^-To 

iMi oco^^^^h. s 1 0 w$i!i:^fR]c7)«;0^5 0 ^-e. ii^J^I^>6na<^^t^^i 

iin L >^ «! 1 $ tiT^co 

^:<^llifi^J2-e(*. iSftl 5 5 0 nml:i*3tti>^lKJt)()5 5 0 %(^M'(^^^3l&-7 r -f 7' 

^jt Lfc)^^ mmm2 tmm(Dm^<Dmm^wytyr-^^^'^^9x-. ^h<^^m^ 

i^coU'^U^yty 7 4 y''y'aimm(Dm\o]^^Lfz^ ttc 1550 nm&.n<D'^^ 

m.mKi5if ^Mii^u^yt y 74 ^^•^y°^x^i>mm<^m\^'t^Ltzo 

[0 0 4 9] 

•^f^<7yit^m\^-^m\ 1 (a) ic^t-o HI 1 (b) z.c^m'^^^\^tzmcmm^ 
^mM\(nmmm%y7^^^ffrf^<n>%'^m'^^7i^v,fzm% (a) tJt«^LT%. -faa 

[ 0 0 5 0] 

(Jtis^^J 2 ) 

I1I9 (b) J^i^'tJ:?'^. *ffl#<k^?!k3l'^jfe^!5:V^P AND Aa5fc-7 r-f 0 *M*Lfc 

0 PANDAM:7fe7r-^/-?l 0 {i. 2 5/«m. 2 o(0)S:tJ#^§M 3 . 1 3 <75 
jJ^-t-S/^^'.*^ 3 6 ^ m. 2 0(7)i;StJ#^§l5 1 3 . 1 3 <^'^•^l:^^l§^7:^W±^ci3^t^Jt^^;-^•^{-^f|S 

13.1 3 <7)a^i-S^1>JSMcOS6^5J)^'^3 0;/m. 2 -::?<7)jS;fj#-^$|S 1 3. 1 Z<D^'\s'-^ 

^^7^f|ft±^c^^t^^S;b#■^§^ i a > i 3 <?)^:^ 9 K 1 2 o:>W-^im 1 0 m-e* 

[ 0 0 5 1 ] 

i<7)PANDAM7fc7T^/-?l 0^2:f:fflv^. 'il^gtcjSDT. ^<D^M\z.W.\^ h^fz-f ^ 

^.-f- V ^ t^i^i)--h^£^ws.m<T^~^^^^\.fzt^. ^^(D^mm^ (s 1 o^m. fas 

tfi) W^Tl^'^^ J: ^ tc^-^^-t^T^J?-^. >r*t.^<7)P AND Aa5fe7 T-f/-^U 0 . 

1 ^<T^mMm<^-'WW^'k^^tz%l^a^^ =7 V Kl 2, 1 2^®tt^-^. itl*> J^iiii-S 
irt'bt::. t t'<J; oT®il»^#t&^?f^B£L. -^ft 1 5 5 0 n m 

[ 0 0 5 2] 

ic7)'(l-^^^#3l£:7T-r/-?:^7 7°9c7) s 1 ov^m-1^U<D%.(7:>m'^m.tfz\r-mM^}is PAN 
D Aa^7 T-f ^-^l 0 c7)®#ft t OP^#*[ll 1 2 ic^i-o 



CIO) 
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t)it^^^l3. 1 3<D^:fo<Di!^ "7 y rcDm^-^^W^^'^t. P AND AM:)fc'7 T-Y^-^'l oo^ 
[ 0 0 5 3 ] 

(*ttfy 3 ) 

^tiSkML. ms (a) ic^-r J: ^ 5^ P AND Aa^:7 T-r^-? 2 0 ^t#7to PANDAM^fe 
7 T 2 0 (is 1 0 5 m. 2 2 3. 2 3 <?)^i-#;0^.^ 3 6 m 

. 2'0<DmtlH^32 3 . 2 3 ^04'^L^^^S^/iW±^'^^tS^S^#^f^2 3^ 2 3<7)i£® 
-r^^mre60SB^5j)-^^^3 3 0 A^m. 2-o<7)mtlU^32 3. 2 3<D'^'L^^^/ufm±i^^^f 
^t&*#^^2 3 ^ 2 3 <7)^:^<7)^ 9 ^7 K 2 2 <DW-^i}^^ 2 m-C^o Tto 
[ 0 0 5 4 ] 

^:coPANDAMpfe7T^/'?2 0 ^2^fflV^> 'ii^St^^SCT. ^eo^Ml^l^tt f> tt/c T"'^ 

flS'lrg^^L^tf^. ^^^O^^-^ISl (s 1 o w$llls fas 
tift) ^^^^ffi-J^^ J: 9 ^-^'a^$-&T»J^•*^ iti^c7)P ANDAM:3fe2'"^^^"^^2 0> 
2 0 c^lffl#^bM^ tL/cf 15^(7)^ 9 -7 K 2 2 . 2 2 ^ tlD^. -^Sfei-^ t t 

. ^(D^^I^^K^W-f^ i t> 1 4 8 0 nmt^i^itS 

'(S^^ e- A 3 > ^# ;t:o 

s 1 o ^m^t fas t^^KOMM^K*^^:?' b> -:^<^ii^^-Cl 0 0 

'fife^<3oii^^-eo =1: -9 ®#^#*SJS^bL/co 

[0 0 5 5 ] 

mi 3<DmWzif>-^h. s 1 owmm. fas t^^^t ^>t;«^-e*^^i:5&^SS^^^tLfco 
[0 0 5 6] 

(iitmm 3 ) 

1119 (b) K^-rx mm'itmm^m^^£\^^p AliD AM^y T-H ^^1 o'tmMLfz 

0 F Al^DAM^y r4 ^^1 Oii. S^^Tbmi 2 5 /im. 2 ooiS;t7#-§-tl5 1 3 . 1 3 <7) 

3 6 fims 2 ■^<7)mtli-i^3 13.13 c7)4>.|:^^|§^/i^^^±^c^^t^J;5l7#^f|S 

13.1 3<D'Am-r^^mm<DW.mi)mi 9^m. 2 o(7)^c;iJ#^gi5 1 3. 1 3(7)Ff'L.>^ 

^^^/i|lb±^::^^t-2>^S:^J#•^§l5 13.13 <Dif^1o<7)^ 9 K 1 2 (^m^-^m n fi m-e^ 

[ 0 0 5 7] 

^:c7)PANDAa3^;7T-r^-?l 0 '£-2Mv^. 'ii^^l^^SCT.^-ecO^ffilc^lt ^)*t7t:7°9 
^-f-'yi5^'&t'/5^^'^^^«e<7)— §IS<^I5^*L;:it*. #^<^#'(S?&I* (s 1 o w#. fas 
t#) T^^Wt-J^^ J: -9 t-^'^^-fr'Cil&^J^-fr. itLe>OP ANDAa:7fe-7T'1'/-?J 0. 

1 0 <7)^M<75— tlTt^lS^B-cTJi^ Kl 2. 1 2 ^^M^-e. in*!;. -^iSllli-^ 
t t ^tc. ^<7)ft^^lp]^cM#-r:g,^: ttcJioTill^M^P^^^L. 1 4 8 0 nm 

s 1 ow^'^tf as t'li^cTjM^^d^*^^^' L. -'1j<Dm^'^l 0 0%^^. 

[ 0 0 5 8] 

m 1 4:$^^>. *ififnj3 tibi!^-r ^ fc. tl^5{i«:*:§: v^±ic. s i o ^mWi<DmXU^<^^& 

[ 0 0 5 9] 

m^^tiskm^m (j^^y^y^wm) t^y r4 ^^<D^^t<om^^mi 5K7i<-to 
mi ST^^h. ^mM2<7)mMt^m2 3. 2 3 co'^m-t^9mm<DW.m^^^ 3 Ofim<DF 

A NDAM^-7 T-T/-^^ 2 0-e{i. ^mMl(DmtlU^§$2 3 . 2 3 <7)S^i-^^JiM(?)Sg 
il^s^2 0 /.m<7)P AND AM^^T-f /^~2 0 tJttS^-r& t. JS;tJ#-^gl52 3 . 2 3 ^^ 



cm 
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[0 0 6 0] 

^mM2C0X^ ^1»it<7)P ANDAMpfe'7T'<^'^^2 0 S^fflV^Sts 3.2 3 

i^mi^Mm-^^^^o tfz. ^mn2<7)P ABDAmyty T ^ ^^2 ox-it. m'mtinkm^fi 

7t:§IS^<7)P AND r-^/^' 2 0 0 0 /xmii}.±-C^^7i-'h. ^^R^^-^^^M} 

fcj^^o P ANDAM5fe7T-r^-?2 0<7)— f|$5^^'^,?lfttC|ffl< ^oTV^& ^<7)§^^ 

(C^V^Tffl>^^^) 1, < ;&oTV^;S>7ti6. T^KfRt>^£\y^ P AN D AM3fe-7 t 2 0 5^?^ 

[0 0 6 1 ] 

(7)^9 y 2 /xmnv Tlffl^^b^S ^ifeL7t:PANDAM^-77'f^-?^=^^v^ 
mZK^hfcmS:! 5 5 0 n m Jt ^ ^g-lKJtii^ 5 0 %<7)^^^#^^3fe^ T t IWI 
[0 0 6 2] 

<^mi^^^yty T ^^iiy°yo:>V -i f)V^m.'^M ^ H 1 6 t^^-To 
0 1 lolf-h. ^-n^^^-^^yv ^<r>W^\z.m}^^'^^fz^1^W^ityT^^^iJ'fymk^ 

^ y y r(nW^\z%^%^-f£\'-^W^W^^y ^^iJ-fyhiyM-t 

[0 0 6 3] 

^K. %yT^^^(DW^ (2;$:coPANDAM7fc"7T^/N*<^)=rTcOKO^^) 

mni)-^h. PAND Aa^-7 T^/^iafflS<i:^j!ka^:^L7tt^. mm-r^t. pa 
hi)^5^^^^tzo ^(o^tyfi-^h. F AT^DAmyty ^^Kmm'itmm^mLxf^mLtzm 

i^^^^iTfc -7 T 9 . /hM<h ^ H ^ a: :6^'T- § ^ o 
[ 0 0 6 4] 
[^5?o^i*] 

Jiil±l5i5gLfcJ: a ic. :^mM<Dmm^^ytyr4^^-^-:/yii. m'^^W^ty r ^ ^-^(D^ y 

tz^^xmmmi^U'kr^^-r^ :LtKX^. m'^uw^y r '/y<7)um.j:mK^\^> 
xMmm^ib^mw-r&^t^j:<. mfitzytm<i^^'tm't^'^<r>t^j:^o ^^(DXdK. m^m 
yr^ /-?<7)^# mm K ^ ^^xMmm^-i}^mM L^^nfi um<Dm'^u^^ yr^ 

[ 0 0 6 5] 

. ^m'^&^mi)^jA\^^mMKi^MLfzii(Dt^j:^o 
[0B(7)W^^i5^§g] 

[mi] P ANDAa?^c;7 T-f /^'0 2o<7))S;b#•^?I5*^^7'itt (s 1 o w#4) :^rR]^® 
[1112] ^^m<^M^i^U^yty r 4 ^^:^y°y(D—M^^-tmumx^^o 



(12) 
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[me] m^^uw^y 74 ^^'^^y(D^m^^&tfcitMmm^t. pandam^-7t 
[07] m^m^^yty 7-( ^■^Ay'y<^^<Dm^mttiitMmm^t. pandas^^i^t 

[ HI 9 ] m^^un^ y74f^ts-f'7 ^PANDAM3fc'7T-r /n*<7)-«?!I ^^-r if ® 
[nio] w^k%^')ty7 4^^fi'fy(r^^(Dm^m.^fz\±^^mm^h. pandas^^ 

[mil] (a) {i:^g^ftl 5 5 0 n ml^*3tt^^iKJ:k5?J^'5 0 %<^^?^'{*if 5fc-7 r ^ 
[El 2] «##7fe'7r'i'/-?*y9<7)5fe<7)|§^E^ ^cfi»JfI*^:> PANDAS5fe-7 
[HIS] «e-An>'/NM^<7)5fc^#t4^^-t-|lI-C^So 

[0 14] ^<7)^^#te^^-r0t?^^o 

[0 1 5] ^■^i*it3fe7T-r^^'(7)«<t:^aB#M (-x-^^^^^iJ^^StM) i:^'7 r^z-^cT^^J^i-^ 

[0 16] M-^^^3l&-7T^/^^*'7'9<7)7-^ ■7';v5^^^*«r^-r0-e*^o 
[0 17] ^•7 7-r^-?c7)^# (2^<7)PANDAM^7r-</^^<?)=rT<^M<7)E6MI) i:^ M 
|g-<hM# « co§3# ^^-r 0-e^ o 

[0 18] lffl#'fb^Jl^ifiL-CV^;^V>jS*#^f|5M|5g:*^2 0 mJ^T<^ P A N D AS^fe^ 
T ^ ^^*<7) -fni if® 0 -e^ i, o 

[0 19] ii't<7)P AND Aa^-7r'l'/^''^fflv^TfP$^Lyc'(i?^'K^7¥i-7T^/^^:*7'^^ 
;^i-,#M0-r^^o 
[^^-^Ol^i^] 

2 0 • • • '(S2g^'^if3l&-7 T-f 2 1 • • • nr. 2 2 • • • 9 y >% 2 3 • • • 
24 • • -m-mm^^. 30 • • • «>K^f:7l&•7r-^'/^':*•:/7o 
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to 
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1 100^ 
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- 30% 




- 20% 




- T0% 




■J 0% 





20 



(a) 



4 

3,8 
3.6 
3.41 
3.2 
3 
2.8 
2.6 
2.4 
2.2 



Portl-Port3 C:?./l/-m-h) 
' P ort1-Port4 (:?D>^7}t— h) 
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[S 1 1 ] 
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[0 18] 
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